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This publication describe a simple, but accurate, model for calculating CO2 concentration
levels in the atmosphere. The model is based on extracts from Joos, F., M. Bruno, R. Fink, U.
Siegenthaler and T.F. Stocker (1996): An efficient and accurate representation of complex
oceanic and biospheric models of antropogenic carbon uptake, Tellus 48B, 397-417.
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4 Lqwurgxfwlrq
Wkh dlp ri wklv qrwh lv wr grfxphqw d vlpsoh prgho ri wkh dwprvskhulf FR2
frqfhqwudwlrq edvhg rq h{rjhqrxv lqsxw ri dqwkursrjhqlf hplvvlrq ri FR2
dqg wdnlqj dlu0vhd h{fkdqjh dqg elrvskhulf uhvsrqvhv lqwr dffrxqw1
Wkh dssurdfk ghvfulehg e| Mrrv hw do +4<<9, lv edvhg rq wkh dssolfdwlrq
ri d pl{hg od|hu sxovh uhvsrqvh ixqfwlrq1 Wkh dgydqwdjh ri xvlqj d pl{hg
od|hu sxovh uhvsrqvh ixqfwlrq lqvwhdg ri dq dwprvskhuh sxovh uhvsrqvh ixqf0
wlrq +Vlhjhqwdohu dqg Rhvfkjhu/ 4<:;> Rhvfkjhu dqg Khlpdqq/ 4<;6> Phlhu0
Uhlphu dqg Kdvvhopdqq/ 4<;:> Vduplhqwr hw do1/ 4<<5, lv wkdw lw lv wkhq
srvvleoh wr uhsuhvhqw wkh qrq0olqhdu hhfwv ri vhdzdwhu fkhplvwu|1 Dv orqj
dv wkh FR2 lqfuhdvh lq wkh dwprvskhuh lv ehorz dssur{lpdwho| 83( ri wkh
suh0lqgxvwuldo ohyho/ wkh FR2 v|vwhp ehkdyhv lq d olqhdu zd| dqg lw lv srv0
vleoh wr uhsuhvhqw wkh hhfwv ri dqwkursrjhqlf hplvvlrqv rq wkh dwprvskhulf
frqfhqwudwlrqv e| dq dwprvskhulf sxovh uhvsrqvh ixqfwlrq1 Iru FR2 shu0
wxuedwlrqv eh|rqg wklv ohyho wkh qrq0olqhdu hhfwv ri wkh vhdzdwhu fkhplvwu|
ehfrphv lpsruwdqw/ dqg lw wkxv ehfrphv qhfhvvdu| wr dsso| d pl{hg od|hu
sxovh uhvsrqvh ixqfwlrq wr rewdlq dffxudwh uhvxowv1
Wkh dssurdfk ghvfulehg lq wklv sdshu lqfoxghv fkdqjhv lq FR2 xswdnh
dqg uhohdvh e| whuuhvwuldo yhjhwdwlrq e| FR2 ihuwlol}dwlrq/ exw grhv qrw wdnh
lqwr dffrxqw srvvleoh ihhgedfn phfkdqlvpv ri folpdwh fkdqjh rq wkh fduerq
f|foh1 Srvvleoh ihhgedfnv lqfoxgh fkdqjhv lq FR2 vroxelolw| gxh wr vhd vxuidfh
whpshudwxuh +VVW, fkdqjhv dqg fkdqjhv lq yhuwlfdo pl{lqj e| uhgxfhg ghhs0
zdwhu irupdwlrq lq wkh Qruwk Dwodqwlf1 Mrrv hw do1 +4<<<d, kdyh hvwlpdwhg
wkh pdulqh sduw ri wklv wr eh ri plqru lpsruwdqfh +dssur{lpdwho| 7(, xs
wr 5433/ lqfuhdvlqj wr derxw 53( lq 58331
Vlqfh gdpdjh fdxvhg e| folpdwh fkdqjh frxog lpso| kljk frvwv/ dq dffx0
udwh uhsuhvhqwdwlrq ri wkh fduerq f|foh lv yhu| lpsruwdqw lq prghov wkdw duh
wr eh xvhg wr hvwlpdwh wkh frvwv ri folpdwh dqg hydoxdwh glhuhqw plwljdwlrq
dqg2ru dgdswdwlrq vwudwhjlhv +Mrrv hw do1/ 4<<<e,1 Wkh fduerq f|foh prgho
ghvfulehg lq wklv sdshu lv lqfoxghg lq d vlpsoh prgho iru vfhqdulr vwxglhv ri
fkdqjhv lq joredo folpdwh +Ixjohvwyhgw dqg Ehuqwvhq/ 4<<<,1
5 Dlu0vhd lqwhuidfh prghoolqj
Wkh iroorzlqj h{suhvvlrqv irup wkh edvlv iru wkh prghoolqj ri dlu0vhd h{0
fkdqjh ri FR2=
 Wkh frqwhqw ri lqrujdqlf fduerq lq wkh rfhdq*v pl{lqj od|hu=
	FR2+w,  	FR2+w,	FR2+wf, @ f
k
] |
|f
i@r+w
,ur+w w,gw +4,
5
zkhuh k lv wkh khljkw ri wkh pl{lqj od|hu +w|slfdoo| :8 p, dqg f lv d frqyhuvlrq
idfwru wudqvodwlqj wkh dlu0vhd  x{ iurp ^ssp p32|u3` wr ^pro  p32|u3`
dqg vhd zdwhu iurp ^p` wr ^nj`= Zh zloo dsso| wkh ydoxh f @ 4=:55 
43. >6J,u6

RR6u&}
= Wkh yduldeoh 	FR2+w, lv wkh frqwhqw ri lqrujdqlf fduerq lq
wkh pl{lqj od|hu/ i@r lv wkh wudqvihu + x{, ri FR2 iurp dlu wr wkh vhd dqg ur
lv wkh sxovh uhvsrqvh ixqfwlrq ri wkh pl{lqj od|hu1
 Wkh sxovh uhvsrqvh ixqfwlrq lv jlyhq e| wzr h{suhvvlrqv=
3 ? w ? 5 |hdu=
ur+w, @ 3=45<68 . 3=54;<;h
3
|
ffeDSb . 3=4:336h3
|
f2SbS
.3=573:4h3
|
fbSfH . 3=573<6h3
|
eb.b2
Pl{lqj od|hu uhvsrqvh ixqfwlrq iru w ? 5 |u
dqg iru w  5 |hdu=
ur+w, @ 3=355<69 . 3=575:;h
3
|
2S.b . 3=46<96h3
|
D2D2H . 3=3;<64;h3
|
HSf
.3=36:;53h3
|
SH.S . 3=36887<h3
|
22
Pl{lqj od|hu uhvsrqvh ixqfwlrq iru w A 5 |hduv
6
 Fduerq exgjhw iru wkh dwprvskhuh=
Wkh shuwxuedwlrq ri wkh fduerq frqfhqwudwlrq lq wkh dwprvskhuh iurp
suh0lqgxvwuldo ohyho +5:; ssp, fdq eh rewdlqhg iurp wkh frqvhuydwlrq odz
htxdwlqj wkh fkdqjh lq dwprvskhulf frqfhqwudwlrq zlwk wkh glhuhqfh eh0
wzhhq +qhw, hplvvlrqv dqg vhd xswdnh=
g
gw
sFR2c@+w, @ h+w,DJSi@r+w, +5,
zkhuh wkh xqlw lv ^ssp |u3`= Qrwh wkdw 4 ssp @ 5=45643DjF @
:=::<  43DjFR2 Wkh yduldeoh sFR2c@+w, lv wkh sduwldo suhvvxuh ri FR2
lq wkh dwprvskhuh/ h+w, lv dqwursrjhqlf hplvvlrqv ri FR2 dydlodeoh iru vhd
xswdnh +vhh ehorz, dqg DJS lv wkh duhd ri wkh rfhdq vxuidfh +DJS @ 6=95 
43ep2,=
 Wudqvihu udwh dlu0vhd=
Wkh wudqvihu udwh ehwzhhq wkh dwprvskhuh dqg wkh vhd +pl{lqj od|hu,
ghshqgv rq wkh glhuhqfh lq sduwldo suhvvxuhv=
i@r+w, @ n} ^sFR2c@+w, sFR2cr+w,` +6,
zkhuh n} lv wkh jdv h{fkdqjh frh!flhqw +@ bfSWJS |u
3p32,=
 Sduwldo FR2 suhvvxuh lq wkh pl{lqj od|hu=
Wkh sduwldo FR2 suhvvxuh lq wkh pl{lqj od|hu lv d frpsoh{ ixqfwlrq ri
wkh fduerq frqwhqw lq wkh od|hu dqg vhd whpshudwxuh W =
sFR2cr+w, @ I +	FR2+w,> W , +7,
Dq xvxdo ydoxh iru W lv W @ 4;=5F= Wzr ixqfwlrqdo irupv ri I duh
jlyhq1 Wkh uvw lv d uhdvrqdeoh dssur{lpdwlrq wr wkh wuxh ixqfwlrqdo irup
zkhq 3 ? sFR2cr+w, ? 533 ssp dqg 3F ? W ? 63F =
I +{>W , @

4=:894 64=94;  433W . 777=7  433SW 2{
4 +7=3<9  433  ::=3;9  433SW . 3=94  433SW 2,{
@
4= 65: <{
4 5= ;<8 4 433{ zkhq W@4;15
JF
7
Iluvw yhuvlrq ri I +{>W , zlwk W @ 4;=5 fF
Wkh vhfrqg yhuvlrq fryhuv wkh udqjh 3 ? sFR2cr+w, ? 4653 ssp/ exw lv
udwkhu qduurz zlwk uhvshfw wr whpshudwxuh= 4:=:F ? W ? 4;=6F =
I +{> W , @

4=889; 46=<<6  433W

{. +:=7:39 =5353:W , 433{2
 +45=:7; 4=5348W , 433S{ . +577=<4 45=96<W , 433b{e
 +3=4879; 3=348659W , 433b{D
zklfk/ zlwk wkh fkrvhq whpshudwxuh W> fdq eh vlpsolhg wr
I +{>W @ 4;=5, @ 4= 635 4{. 6= :<5 < 433{2 . <= 44< 6 433S{
.4= 7;; 433H{e . 4= 575 8 433f{D
Wkh vhfrqg yhuvlrq ri I +{> W @ 4;=5,
Lq rxu prgho zh hpsor| wkh vhfrqg yhuvlrq ri I zlwk W @ 4;=5F=
514 Vwuxfwxuh ri wkh sureohp
Wkh deryh htxdwlrqv 407 uhsuhvhqw hqrxjk frqvwudlqwv wr ghwhuplqh wkh irxu
yduldeohv sFR2c@> sFR2cr> 	FR2 dqg i@r Hpsor|lqj ht1 6 wr holplqdwh
i@r uhvxowv lq htxdwlrqv lq wkh wkuhh yduldeoh sFR2c@> sFR2cr dqg 	FR2=
8
Iru vlpsolflw| L zloo ghqrwh wkhvh yduldeoh {> | dqg }> uhvshfwlyho|1 Zh dovr
lqwurgxfh wkh yduldeoh v+w, @ {+w, |+w, zklfk lv sursruwlrqdo wr wkh dlu0vhd
fduerq  x{1 Wkh htxdwlrqv fdq wkhq eh h{suhvvhg dv iroorzv +ghqrwlqj wkh
sdudphwhuv n} e| n dqg DJS e| D,
{+w, {+3, @ {+w, @
] |
f
^h+w,Dnv+w,`gw> +8,
}+w, @ n
f
k
] |
f
v+w,ur+w w,gw> +9,
|+w, @ I +}+w,,> +:,
v+w, @ {+w, |+w,
6 Elrvskhuh ghfd| uhvsrqvh ixqfwlrq
Hplvvlrq ri uhohydqfh iru dwprvskhuh0rfhdq frxsolqjv pd| eh zulwwhq
h+w, @ h@?|oJRJ}e?S+w, iseo+w, +;,
zkhuh iseo lv wkh elrvskhulf vlqn gxh wr dgglwlrqdo qhw sulpdu| surgxfwlrq
+i?RR, dqg ghfd| +i_eS@+, iurp FR2 ihuwlol}dwlrq=
iseo+w, @ i?RR  i_eS@+ @ i?RR+w,
] |
3"
i?RR+w
,uK+w w,gw +<,
Wkh xswdnh ri dwprvskhulf FR2 iurp lqfuhdvh lq qhw sulpdu| surgxfwlrq
lv prghoohg dv
i?RR+w, @ 93 ^JwF@|u` oq
FR2c@+w,
5:;
+4,
zkhuh  @ 3=5;: lv wkh ihuwlol}dwlrq idfwru dqg wkh FR2 frqfhqwudwlrq ohyho lv
phdvxuhg lq ssp1 Wkh xqlw ri i?RR+w, +dqg iseo, lv JwF @ 43DjF @ SjF
=
9
Qhw sulpdu| surgxfwlrq uhvsrqvh wr FR2 lq wkh dwprvskhuh
Iru w A 3 zh xvh wkh iroorzlqj h{suhvvlrq iru wkh elrwlf ghfd| uhvsrqvh
ixqfwlrq
uK+w, @ 3=:3544h
3fD|.46=747 433h3 |2f 3=:4;79h3 DD|2f .5=<656 433h3 |ff
Wkh irup ri wkh ixqfwlrq lv dv iroorzv=
Elrvskhuh ghfd| uhvsrqvh ixqfwlrq uK
7 Surfhgxuh ri fdofxodwlrq ri dwprvskhulf FR5 frq0
fhqwudwlrq
Lq vroylqj wkh deryh v|vwhp ri htxdwlrqv rq d frpsxwhu/ d glvfuhwl}dwlrq lv
qhfhvvdu|1 Rqh srvvleoh glvfuhwh yhuvlrq ri wkh htxdwlrqv 80: lv +wudsh}rlgdo
uxoh,
{  {f @ w^4
5
+h Dn+{  |,, +44,
.
3[
'2
+h Dn+{  |,,
:
.
4
5
+h Dn+{  |,,`>
| @ I +}, > +45,
} @
fn
k
w ^4
5
+{  |, u .
3[
'2
^{  |` u3 . 4
5
+{  |, u` +46,
@
fn
k
w ^
3[
'
^{  | ` u3  4
5
+{  |, u . 4
5
+{  |, u`=
Htxdwlrq 44 fdq eh vroyhg zlwk uhvshfw wr { wr |lhog
{ @ f
5
73[
'2

h
Dn
 +{  |,

.
4
5

h
Dn
 +{  |, . h
Dn
. |
68 +47,
@ f
5
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
h
Dn
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
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
h
Dn
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
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
h
Dn
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68 >
zkhuh wkh frh!flhqw f lv jlyhq e|
f @
wDn
4 .wDn@5
=
Xvlqj
v @ {  |
zh jhw
v @ f
5
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} @
fn
k
w ^
3[
'
vu3  4
5
vu .
4
5
vu` +49,
Wkh uhfxuvlyh surfhgxuh lv wkhq=
41 iurp jlyhq |> fdofxodwh v iurp ht1 +48,/
51 fdofxodwh } iurp ht1 +49,
61 qdoo| fdofxodwh d qhz | iurp ht1 +45,1
;
714 Fdofxodwlqj wkh elrvskhuh uhvsrqvh
Vlploduo|/ xvlqj d wudsh}rlgdo vfkhph iru lqwhjudwlrq ri wkh elrvskhuh htxd0
wlrq/ dqg dssur{lpdwlqj htxdwlrq 43 e|
i?RRc @ 93 oq
FR2c@c3
5:;
>
dqg ixuwkhu qrwlqj wkdw uK+3, @ 3 dqg i?RR+3, @ 3> zh jhw d glvfuhwlvl}hg
yhuvlrq ri ht1 43 dv iroorzv
iseoc @ i?RRc w
3[
'
i?RRcuKc3 = +4:,
Uhihuhqfhv
^4` Ixjohvwyhgw M1V1 dqg W1 Ehuqwvhq1 D vlpsoh prgho iru vfhqdulr vwxglhv
ri fkdqjhv lq joredo folpdwh= Yhuvlrq 4131 Zrunlqj Sdshu 4<<<=5/ FL0
FHUR/4<<<1
^5` Mrrv I1 P1 Euxqr/ U1 Ilqn/ X1 Vljkhqwkdohu/ W1 I1 Vwrfnhu/ F1 Oh Txhuh/
dqg M1O1 Vduplhqwr1 Dq h!flhqw dqg dffxudwh uhsuhvhqwdwlrq ri frpsoh{
rfhdqlf dqg elrvskhulf prghov ri dqwkursrjhqlf fduerq xswdnh1 Whooxv/
7;E/ 6<:074:/ 4<<91
^6` Mrrv I1/ J10N1 Sodwwqhu/ W1I1 Vwrfnhu/ R1 Pdufkdo dqg D1 Vfkplwwqhu1
Joredo zduplqj dqg pdulqh fduerq f|foh ihhgedfnv rq wkh ixwxuh dwpr0
vskhulf FR51 Vflhqfh/ 5;7/ 797079:/ 4<<<d1
^7` Mrrv I1/ J1 Pxoohu0Ixuvwhqehujhu/ dqg J1 Vwhskdq1 Fruuhfwlqj wkh fduerq
f|foh uhsuhvhqwdwlrq= Krz lpsruwdqw lv lw iru wkh hfrqrplfv ri folpdwh
fkdqjh1 Hqylurqphqwdo Prghoolqj ) Dvvhvvphqw / lq suhvv/4<<<e1
^8` Phlhu0Uhlphu H/ dqg N1 Kdvvhopdqq1 Wudqvsruw dqg vwrudjh ri FR5 lq
wkh rfhdq 0 dq lqrujdqlf2rfhdq flufxodwlrq fduerq f|foh prgho1 Folpdwh
G|qdplfv/ 5/ 960<31
^9` Rhvfkjhu K1 dqg P1 Khlpdqq1 Xqfhuwdlqwlhv ri suhglfwlrqv ri ixwxuh dw0
prvskhulf FR5 frqfhqwudwlrqv1 M1 Jhrsk|v1 Uhv1/ ;;/ 458;04595/ 4<;61
^:` Vduplhqwr M1 O1/ M1 Ruu/ dqg X Vlhjhqwkdohu1 D shuwxuedwlrq vlpxodwlrq
ri FR5 xswdnh lq dq rfhdq jhqhudo flufxodwlrq prgho1 M1 Jhrsk|v1 Uhv1/
<:/ 695406978/ 4<<51
^;` Vlhjhqwkdohu X1 dqg K1 Rhvfkjhu1 Suhglfwlqj ixwxuh dwprvskhulf fduerq
glr{lgh ohyhov1 Vflhqfh/ 4<</ 6;;06<8/ 4<:;1
<
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D Iruwudq surjudp
Ehorz iroorzv d Iruwudq0vxeurxwlqh lqfrusrudwlqj wkh deryh uhodwlrqv1
VXEURXWLQH FR5HP5FRQF+Q\/Q\H,
F
F  FR5 prgho edvhg rq Mrrv hw do1/ Whooxv/ 7;E/ 6<:074:/ 4<<91
F  Sdudphwhu Q\ lv qxpehu ri |hduv vlqfh QVWDUW+@4:83,
F
LQFOXGH *vfp1fpq*
F
UHDO-; VXP]/ VXPI/ VV5/ VV4
UHDO-; N/FF4
F
F  Ihuwlol}dwlrq idfwru
EHWDI @ 315;:
F  Duhd ri wkh rfhdq +pa5,
D @ 6195H.47
F  Jdv h{fkdqjh frh!flhqw +dlu 	: rfhdq, +|ua04-pa05,
N @ 412+D-<139,
F  WLPHVWHS +\U,
GW @ 412LGWP
F  Frqyhuvlrq idfwru ssp2nj : xpro-2p6
F @ 41:55H.4:
F  Ghswk ri pl{hg od|hu lq wkh rfhdq +:8 p,
K @ :81
F
FF4 @ GW-D-N2+41.GW-D-N251,
F
GR LGW @ 4/LGWP
LW @ +Q\04,-LGWP . LGW
F
F  Qhw hplvvlrqv/ lqfoxglqj elrjhqlf ihuwlol}dwlrq hhfwv 
43
FHPII @ IORDW+LGW,2LGWP
VXPI @ 313
LI +LW 1JW14, WKHQ
GIQSS+LW, @ 9313-EHWDI-ORJ+[FR5+LW04,25:;1,
GR L@5/LW04
LW[ @ LW0L
VXPI @ VXPI . GIQSS+L,-UE+LW[,
HQG GR
HOVH
VXPI @ 313
HQG LI
IIHU @ GIQSS+LW, 0 GW-VXPI
F
LI +Q\ 1OW1 574 , WKHQ
HPFR5+LW, @ +GIFR5I+Q\,.HPFR5I+Q\,,-+410HPII, .
1 +GIFR5I+Q\.4,.HPFR5I+Q\.4,,-HPII 0 IIHU
HOVH
LI +Q\H 1OW1 Q\PD[ , WKHQ
HPFR5+LW, @ HPLVVLRQ+4/Q\H,-+410HPII, .
1 HPLVVLRQ+4/Q\H.4,-HPII 0 IIHU
HOVH
HPFR5+LW, @ HPLVVLRQ+4/Q\H, 0 IIHU
HQG LI
HQG LI
F  43a48 jF2|u, : ssp2|u
HPFR5+LW, @ HPFR5+LW,251456
F
F  Hqg hplvvlrqv 
F
F  Fdofxodwh VFR5+LW, +@gsFR5/d 0 gsFR5/v,
VV4 @ 318-HPFR5+4,2+D-N,
LI +LW 1HT1 4, WKHQ
44
VV5 @ 318-HPFR5+LW,2+D-N,
VXPV @ 313
HOVH
VV5 @ 318-HPFR5+LW,2+D-N, 0 \FR5+LW04,2+GW-D-N,
VXPV @ VXPV . HPFR5+LW04,2+D-N,0VFR5+LW04,
HQG LI
VFR5+LW, @ FF4-+VXPV . VV4 . VV5,
F
F  Fdofxodwh ]FR5+LW, +@gVFR5/ fkdqjh lq wrwdo lqrujdqlf fduerq lq wkh
pl{hg od|hu,
F
VXP] @ 313
GR L@4/LW04
LW[ @ LW0L
VXP] @ VXP] . VFR5+L,-UV+LW[,
HQG GR
F
F  Vlqfh UV+LW@3, @ 4/ dqg VFR5+3, @ 3
]FR5+LW, @ F-N-GW2K -+VXP] . 318-VFR5+LW,,
f
F  Fdofxodwh qhz \FR5+LW, +@ gsFR5/v,
f
\FR5+LW, @ 416354-]FR5+LW, . 61:<5<H06-+]FR5+LW,--5, .
1 <144<6H09-+]FR5+LW,--6, . 417;;H0;-+]FR5+LW,--7, .
1 415758H043-+]FR5+LW,--8,
F
F  Dwprvskhulf frqfhqwdwudwlrq ri FR5 +ssp,
[FR5+LW, @ VFR5+LW, . \FR5+LW, . 5:;1
F
HQG GR
F
F  Xsgdwh FR5 frqfhqwudwlrqv lq wkh FRQF duud|1
FRQF+4/Q\, @ [FR5+LW,
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fUHWXUQ
HQG
F 0
VXEURXWLQH VHWXSbFR5
F
LQFOXGH *vfp1fpq*
F
\FR5+4, @ 313
VFR5+4, @ 313
[FR5+4, @ 5:;1
GIQSS+4, @ 313
VXPV @ 313
f
F  Wdexodwh ydoxhv ri uhvsrqvh2ghfd| ixqfwlrqv zklfk duh rqo| d ixqfwlrq
ri wlph1
GR Q\HDU@Q\VWDUW/Q\HQG
L\U @ Q\HDU0Q\VWDUW.4
GR LGW @ 4/LGWP
LW @ +L\U04,-LGWP . LGW
WLPH @ +L\U04,.IORDW+LGW04,2LGWP
F  Sxovh uhvsrqv ixqfwlrq iru wkh pl{hg od|hu +w	5 |u,
LI +WLPH 1OH1 513, WKHQ
UV+LW, @ 3145<68 . 3154;<;-h{s+0WLPH23136789<, .
1 314:336-h{s+0WLPH23159<69, .
1 31573:4-h{s+0WLPH231<93;6, .
1 31573<6-h{s+0WLPH271<:<5,
F  Sxovh uhvsrqv ixqfwlrq iru wkh pl{hg od|hu +w:5 |u,
HOVH
UV+LW, @ 31355<69 . 31575:;-h{s+0WLPH24159:<, .
1 3146<96-h{s+0WLPH281585;, .
1 313;<64;-h{s+0WLPH24;1934, .
1 3136:;5-h{s+0WLPH29;1:69, .
46
1 3136887<-h{s+0WLPH256516,
HQG LI
F  Elrwlf ghfd| ixqfwlrq
UE+LW, @ 31:3544-H[S+03168-WLPH, .
1 4617474H06-h{s+0WLPH2531, 0
1 31:4;79-h{s+088-WLPH24531, .
1 51<656H06-h{s+0WLPH24331,
HQG GR
HQG GR
UHWXUQ
HQG
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